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® Disclosed is a thermoplastic olefin polymer hav- 
ing elastic properties comprising 

a) greater than 60 to 85 parts of a crystalline 
polymer traction selected from the group consist- 
ing of (i) a copolymer of propylene and at least 
one alpha-olefln, (ii) a polybutene-1 , (iii) an eth- 
ylene homopolymer or ethylene/alpha-olefin 
copolymer, (iv) polymer traction (i). (li) or (iii) in 
combination with, or rhi)ftures thereof alone or in 
combination with, from 10 to 90 parts, based on 
the thermoplastic olefin polymer, of a homo- 
polymer of propylene; 

b) from about 1 up to less than 15 parts of a 
semi-crystalline, low density, essentially linear 
copolymer fraction consisting substantially of 
units of the alpha-olefin used to prepare c) or the 
alpha-olefin used to prepare c) pres nt in the 
greatest amount when two aipha-olefins are used; 
and 



c) from about 10 to less than 39 parts of an 
amorphous copolymer fraction of an alpha-olefin 
and propylene, with or without a diene or a dif- 
ferent aipha-olefin termonomer. 
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all polymerisation stages using z catalyst comprising a trialkylaluminum compound, an electron donor and a 
solid catalyst component comprising a halide or haiogen-alcohplale of Ti and an electron-donor compound 
supponed on anhydrous magnesium chloride, said component having a surface area smaller than 100 mVg, 
a porosit)' from about oi to 0.4 cc/g, a pore volume distribution such that over 50% of the pores have a 
radius greater than 100 angstroms, and having an X-ray spectrum, where the magnesium chloride 
reflections appear, showing a halo with maximum intensity between angles of 2 of 33.5* and 35* , and 
where the reflection at 2 t? of 14.95* is absent 

19. The process of claim 1E wherein the polymerization of component a) is carried out in liquid monomer, 
and the polymerization of component b) and c) are carried out in gas phase. 

20. The process of claim IB wherein the polymerirations are carried out In gas phase. 
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described and claimed. 



Claims 



1 . A ihermopiaslic olefin polymer comprising: 

a) prealer lhan 60 to about 85 parts of a crystalline polymer fraction selected from the group cor^sisting of 
(i) 3 copolymer o\ propylene and at least one alpha-olefin having the formula HjCsCHR. where R is H or a 
Cj-c straight or branched chain alkyl. containing over 85% by weight of propylene and having an 

10 isotactictty index of greater than 75, (ii) a polybutene-1 having an isotacticity index of greater than 75. (i'O an 
ethylene homopolymer having a density ot 0.95 g/cm' or greater, or a copolymer of ethylene with a Ca-t 
aipha-olefin having a density of 0315 g/cm^ or greater, fiv) polymer fraction (i). (ii) or (in) in combination 
with, or mixtures thereof alone or in combination with, from 10 to 90 parts, based on the thermoplastic olefin 
polymer, of a homopolymer of propylene having an isotacticity index of greater than 85. 

75 b) from about 1 up to less than 15 parts of a semi-ayslalline, lov/ density, essentially linear copolymer 
fraction consisting substantially of units of the alpha-olefin used to prepare c) or the alpha-oiefin used to 
prepare c) which is present in the greatest amount when two alpha-olefins are used, which polymer is 
insoluble in xylene at room temperature: and 

c) from about 10 to less than 39 parts of an amorphous copolymer fraction of an alpha-olefin having the 
20 above formula and propylene, with or without 1 to 10% of a diene or 1 to 20% of a different alpha-olefin 
temionomer having the above formula, which copolymer contains from about 30 to. about 80 weight % 
alpha-olefin. excluding the alpha-olefin present, if any. as a termonomer. and is soluble in xylene at room 
temperature, 

having a flexural modulus lower than lOOO MPa to 150 MPa. tensile strength greater than 7 MPa. impact 
25 strength such that it breaks with a ductile impact failure at -18' C and an elongation at break over 200%, 
wherein the tola! of components a), b) and c) is 100 parts. 

2. The polymer of claim 1 wherein component a) is (i). 

3. The polymer of claim 1 wherein component a) is fii). 

4. The polymer of claim 1 wherein component a) is (fii). 

-ao 5. The polymer of claim 2 wherein (i) is a copolymer of propylene and ethylene. 

6. The polymer of claim 2 wherein (i) has an isotacticity Index of greater than 90. 

7. The polymer of claim 3 wherein (ii) has an isotacticity index of greater than 85. 

8. The polymer of claim 4 wherein (iii) is a copolymer of ethylene with 1 to 10% of the alpha-olefin. 

9. The polymer of claim A wherein pii) is a copolymer of ethylene and butene-1. 
35 10. The polymer of claim 4 v/hereln (ifi) is a homopolymer of ethylene. 

11. The polymer of claim 1 wherein component a) is (i) in combination with. from 10 to 90 parts, based on 
the thermoplastic olefin polymer, of a homopolymer of propylene having an isotacticity index of greater lhan 
85. . 

12. The polymer of claim l wherein the flexural modulus is from 150 to. 700 MPa, the tensile strength is 
40 greater lhan 10 MPa. the elongation at break is greater than 500%. and. the impact strength is such thatll 

preferably breaks with a ductile impact failure at -29" C. 

13. The polymer of claim i wherein the flexural modulus is from 500 to 700 MPa. the tensile strength is 
greater than 13 MPa, and the elongation at break is greater than 500%. 

14. The polymer of claim 1 wherein the polymer is in the form of spherical particles having an average 
45 diameter of 250 to 7000 microns, a fiowability of less than 30 seconds and a bulk density (compacted) 

greater than 0.4 g/cc. 

15. The polymer of claim 2 wherein the flexural modulus is from 150 to 700 MPa. the tensile strength is 
greater lhan 10 MPa. the. elongation at break is greater than 500%. and the impact strength is such thai it 
preferably breaks with a ductile impact failure at -29* C. 

50 15. The polymer of claim 2 wherein the flexural modulus is from 500 to 700 MPa, the tensile strength is 
greater than 13 MPa, and the elongaUon at break is greater than 500%. 

17. The polymer of claim 2 wherein the polymer is in the form of spherical particles having an average 
diameter of 250 lo 7000 microns, a flowabiUty of less than 30 seconds and a bulk density (compacted) 
greater than 0.4 g/cc. 

55 IS. A^process for the preparation of the thermoplastic olefin polymer of claim 1 comprising at least two 
sequential polymerization stages with each subsequent polymerization being conducted in Ihe presence of 
the polymeric material formed in the immediately preceding polymerization reaction wherein component a) 
is prepared in at least one first stage, and components b) and c) are prepared in at least one second stage, ' 
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Table MIA 



Examples 


1 ^ 


6 


7 


Firsl Phase 


TEAL 9 


7.5 • 


7.5 


7.5 


TEAL/Donor, mol. . 


60 




10 


Monomer, iype 


1-butene 


ethylene 


ethylene 


Temperature, *C 


60 


70 


70 


Pressure, aim 


5.4 


10 


1 U 


Time, min. 


180 


230 


220 


H2 in gas phase, % mol. 


0.6 


32,7 


31.8 


Cj in gas phase, % mol. 






1.5 


Isotactic index, % wt. 


97.7 


100 


98.4 


Density, g/cc 


0.911 


0.96 


0.9'45 


Xylene sol.. % wi 


2.3 


0.0 


1.6 


Second Phase 




Temperature, *C 


60 


70 


70 


Pressure, atm 


6.0 


12.0 


12.0 


Time, min. 


90 


50 


55 


Hj in gas phase, % mol. 


1.B 


4.2 


7.6 


Cz in gas phase. % mol. 


44.0 


33.5 


36.9 


Cs in gas phase. % mol. 


55.0 


66.5 


63.1 



Table IlIB 

30 





Examples 


5 


6 


1 ' 


Final Product 


05 


Yield. Kg pol/g cat 


8.1 


3.9 


3.8 




Componeril b) & c). % wt 


24.2 


25.4 


26.0 




Intrinsic viscosity, dl/g 


2.75 


1.56 


1.81 ' 




Melt flow index, "L". g/i 0 min 


1.3 


4.5 


3.0 




Xylene sol., % wt 


21.1 


20.4 


.24.7 




Component b), % wt 


4.8 


5.0 


2.6 




Component c), % wt 


19.4 


20.4 


23.4 




Cs in soljcyl.. % wt 


50.4 


55.0 


54.3 




C2 in component c). % wt 


55.0 


55.0 


57.0 




Melting point (DSC), ' C . 


124 


135 


132 


^5 


Flexural modulus, MPa 


170 


550 ■ 


450 




iZOD impact.-20'c. J/m 


60 


913 


NB* 




Impact failure at -IB* C 


ductile 


ductile 


ductile 




Vicat (1 kg), ' C 


i07 


115 


99 




Elong. at t^reak, % 


550 


790 


BOO 


50 


Tensile strength, MPa 


13.2 


17.0 


13.0 



■ No break. 



£5 



U s understood that additional monorr,er(s) may 1^ used in the first stage and/or in the second stage 
.0 ,hol embodiments of the invention disclosed herein will be r^dily apparent 

ImloH^ ?'"r.? '^'=""9 disclosures. In this regard, while specific 

^h«e ? '"'"f" ""^'-darable detail, variations and modifications of 

these embodiments can be effected without departing from the spirit and scope of me invention as 
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Examples 5-7 



These exemples also illustrate the thermoplastic olefin polymers of this invention and another method 
lor preparing the polymers. 

The preparations for polymerization and the polymeri2ation runs were conducted under nitrogen in a 22 
liter stainless steel autoclave equipped with a helical magnetic stirrer operated at about 90 rpm. All 
temperatures, pressures and concentrations of olefin monomers and hydrogen, when present were constant 
unless othenf^ise indicated. The hydrogen was analyzed continuously with a process gas chromatograph in 
gas phase and fed in order to maintain constant the desired concentration of hydrogerv. 

The poiymerizalion v^ras a batch process conducted in two stages. The first stage comprising the 
polymerization bl the relevant monomer or monomers in the gaseous state and the second stage the 
copolymerizalion of ethylene and propylene In gas phase. 

In the first stage, the following ingredients in the order in which they are listed were pressure fed into 
the autoclave at 20' C over a period of about 10 minutes: about 0.1 5g of of the solid catalyst component, as 
described herein above, a mixture of 75 ml of TEAL activator at 10% concentraUon in hexane and in the 
case of examples 5 and 7, cyclohexylmethyldimelhoxysilane electron donor in an amount such that the 
weight ratio of- TEALsilane was 3B7 in example 5 and 6.0 in example 7. The particular monomer or 
monomers, v/ere then fed into the autoclave continuously over the reaction perioid in an amount suffident to 
mainiain the desired pressure. The temperature was brought to the desired level in about 10 minutes and 
maintained st that temperature for the entire polymerization reaction period. After the established reaction 
lime had passed, essentially all of Ihe unreacied monomer(s) was/were eliminated by degassing at 60 'c at 
essentially atmospheric pressure. 

In the second stage, the polymer product a) of the first stage, after having taken a sample for the 
various analyses, was brought to. the established temperature tor the second stage. Propylene and ethylene 
were then fed into the autoclave in the ratio and quantities estabfished in order to obtain the pressure and 
the gas phase ' composition desired. During the polymerization the constant pressure was maintained by 
feeding the propylene and ethylene mixture established. The length of feeding varied according to the 
catalyst system employed and the amount of components b) end c) desired in the particular thermoplastic 
olefin polymer product. 

At the end of the second stage polymerization reaction the powder is discharged. si;a3inzed with 0.1 vrt. 
% 2.6-diterliary butyl-para-cresoJ (BHT) and 0.1 wt % pentaerytfirityI-tetrakis[3-{3.5-di-t-butyM-hydrox- 
yphenyl)propionate] and oven dried under a nitrogen stream at SO* C. 

The ingredients and relative operating conditions are set forth in Table IIIA and the tests results are set 
lorth in Table IIIB. 
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Table IB 



Examples 


1 


2 


3 


4 


Final Product • 


Tieitt. Kg poi/Q. cat 








1 D.O 


uomponent b) & c), ^ wt 


30.0 






n 

oo.u 


Ethylene, % wl • 


21.0 


19.3 


22.9 


25^ 


intrinsic viscosity, dl/g 


1.86 




-1.60 




Melt flow index, g/10 min 


10.0 


16.0 


20.0 


11.0 


Xylene sol., % wt 


25.5 


24^ 


25.6 


28^ 


Component b), % wt 


7.0 


6.8 


9.8 


14.4 


Component c). % wt 


23.0 


18.2 


19.2 


23.6 


Cs in sot.xyl., % wt 


54.0 


53.7 


50.7 


48.8 


Cz in component c), % v/t 


64.9 


68.8 


54.8 


57.0 


Melting point (DSC), ' C 


151 


. 152 


152 


. 154 


Rexural modulus. MPa. 


560 


640 


570 


560 


IZOD impact-20'C, J/m 


115 


BO 


75 


12S 


Impact failure at -IB" C 


ductile 


- ductile 


ductile 


ducti:t 


. Vtcat (1 kg), ' C . 


118 


122 




115 


Eiong. at break. % 


>500 


>S00 


>5D0 


>500 


Tensile strength, MPa 


19.0 


17.3 ' 


15.5 


16.5 



Physical blends of a) a propylene homopolymer with (i) an ethylene-propylene rubber or (it) an 
ethylene-propylene diene monomer rubi>er and b) a propylene-ethylene copolymer with (ii) were prepared 
by mixing the two materials in a Banbury mixer at a temperature of approx. 205 *C until a homogeneous 
blend was obtain. Such blends are commercially available. 
30 The formulations and the physical properties are set forth in Table Ii below. 

TABLE II 



-f5 





Comparative Examples 


Ingredients 


1 


2 


3 


Propylene homopolymer'* 


60 


60 




Propylene-ethylene copolymer^ 






60 


Ethylene propylene rubber^ 


40 






Ethylene propylene diene monomer (EPDM)* 




40 


40 


Octadecyl 3,5-di-l-butyl-4'hydroxyhydrocinnamate 


-0.1 


0.1 


0.1 


MFR, dg/min 


7.3 


3.0 


3.2 


Tensile strength, MPa 


15.3 


13.0 


13.5 


Bongation. % 


429 


443 


618 


Rexural modulus, MPa 


670 


700 





' MFRoM2dg.min. 

2 Random copolymer having a MFR of 12 dQ.min and approx. 2.5% ethylene. 

3 77% ethylene, polydispersity 2.8, Mooney Viscosity. 54 (Mt 1 + 4 at 125 C). 

50 * 51% ethylene. 2.2% ethylidene norbornene. polydispersity 3.B. Mooney Viscosity, 

46 (Ml 1+4 at 125' C). 



Given Uie lower melt How of the commercially available physical blends set forth in Table II, which 
typically translates into better physical properties, one would not have expected the thermoplastic olefin 
polymers of this invention with their higher melt flow rates to have such superior tensile strength, elongation 
and ductile impact properties when compared on an essentially equivalent stiffness (flexural modulus) basis. 
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Table lA (Cont'd) 



Examples 


1 


2 


5 

w 


4 












iniig Reactor 










Temperature, "C 


75 




"J e 


75 


Pressure, atm 


14 


14 


i. ?i 


14 


Time, min. 


22 


24 


22 


1 Q 


H2 in ges phase, 
% moles 


■6.3 


7.2 


6.2 


B fl 
c • u 


C2 in ges phase, 
h moles 


4 0.6 


•a 0 "5 


4 1 


36 


C3 in gas phase, 
^ moles 






4 8.5 


45 


Fourth Reactor 










Temperature, "C 


75 


75 


75 


75 


Pressure, atm 


11 


11 


11 


10.7 


Time , . min . 


27 


29 


26 


23 


H2 in gas phase, 
^ moles 


6.2 


7.3 


6.2 


7.0 


C2' in gas phase, 
^ moles 


40 


39.3 


41 


39.5 


C3 in ges phase, 
\ moles _ ' 


4B 


46.2 


4 9 


47 
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Table lA 



Examples 1 2 3 < 
First reactor 

Temperature, 65 65 SO 60 

Pressure, atm 33 33 33 . 33 

Time/ min. 55 52 50 7i 

K2 in gas phase, ppm IBOO 2400 3100 1400 

C2 in gas phase,g/hr - 2400 3500 2066 3B00 

Kg/hr ^^^^^^ phase, 490 540 550 500 

Isotactic index, k wt. - 92 ■ 

Ethylene, \ wt . ' 2,9 _ • _ 

Ethylene in sol.zyl., - 79 . ^ 

•o wt . . ~ 

■ Second Reactor 

Temperature, 54 . 60 70 

Pressure, etm .33 _ 33 -3 

Time, min. .39 _ 39 

H2 in gas phase, ppm 1850 - 2BS6 6500 

C2 in gas phase, g/hr 750 - , 633 

C3 in liquid phase, 190 - 150 

Isotactic index, \ wt. 91.5 - 91 92.5 

Ethylene, h wt 2.2 - 2.0 1.6 

Ethylene in sol.xyl., 6.4 - b.J 7.5 
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•n ar. amount such tha the weight raUo of TEALsilane was 4.0 in examples 1. 2 and 3 and in cxamote 

ahl : "^tI"'* "'^P'^^ 1. 2. 3 and 4. respectively. In a reacts at ,5' C to 

aboul lS mmes. The catalyst r.as then transferred to another reactor containing an^i of liout 
propylene and polymerized for 3 minutes at 20 C. e an excess of liquid 

lr> the f-irst stage, the prepolymer was Uansferred to another reactor for a fiquid phase poiymerizaUon of 
the relevant monomer(s) to form a component a). The component a) thus formed was thSS^erJS to 
another re^or in examples 1. 3 and 4 for a Dquid phase polymeri^on of the relev^ m^e^S to 

TnmT "rrT °' PO^eriration reactor or to pr^S^T^^Z 

component a), and to a second stage reactor in the case of example 2 as described beloW 

In the second stage, the component a) product of the Immediately preceding reactor was first 

clnn^„,A?'". , Tf"*'' ^'""^ ' «^ "'-^ polymerizafion of the relevant monomers iTZ 
nhT^ ^' T '^'■7''" '^^'^ '^^sferred to another reactor for an additional o« 

the p^Jr'"" of components b) ^Tcf" 

At the end of the second stage polymerization reaction the powder is discharged Into a steamina 
l^^l^T -^'' ^ unreacted monomers and volatiles are removed by treating with steam at 105' C at 
atmosphenc pressure lor about 10 minutes and then dried. 

forlh^Se '"'^ ^^^^ ^"""5 are set 
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20 



25 



by the weight traction of component a) and divided by the wi. fraction of the fmal proC jr-. soluble in xylene- 
and Y IS tne wt % of component c) multiplied by the sum of the ^. % of componen: t>; and component c) 
and then divided by one hundred. k w 

The weight percent of soluble in xylene a1 room temperature Is determiried by dissolving 25 o of the 
polymer in 2S0 ml of xylene In a vessel equipped «ith a stirrer which is heated at 135* C with aoitetion for 
20 minutes. The solution is cooled to 25" C while continuing the agitation, and then left to stand without 
agitation for 30 minutes so that the solids can settle. The sofids are filtered with filter paper the "remainino 
solution IS evaporated by treating it with a nitrogen stream, and the solid residue is vacuum dried at BO' C 
until a constant weight is reached. The percent by weight of polymer insoluble in xylene at room 
temperature is the isotactic index of the polymer. The value obtained in this manner corresponds 
substantially to the isoUclic index determined via extracUon with boiling n-heptane. which by definition 
constitutes the isotactic index of the polymer. 

Examples illustrative of the thermoplastic oleHn polymer of this invention, the physical properties thereof 
and the method of preparing same are set forth below. 

A) Preparation of MgClz/Alcohol AdduO 

no^^n"''^' ^" ^T"^^^^'^- 28-^ B anhydrous. MgC\z 49.5 g of an anhydrous ethanol. 100 ml of ROL 
05/30 vaseline oil, 100 ml of silicone oil having a viscosity of 350 cs are introduced into a reacUon vessel 
equipped with a stirrer and heated at 120' C with an oil bath and stirred until the f^gCl, is dissolved The 
hot re_action mixture was then transferred under inert atmosphere to a 1500 ml vessel equipped wiih an 
U tra_ lurrax T.45 N stirrer and a heating jacket and containing 150 ml of vaseline oil and 150 ml of siBcone 
oil. ihe temperature was maintained at 120' C xvith stirring for 3 minutes at 3.000 rpm. The mixture was 

r^lH'tfnv'' T !"^' " """""'"B ^-OOO <" anhydrous n-heptane 

cooled at 0 C with a dry ice/isopar bath end stirred at a rip speed of 6 m/see for about 20 minutes while 
maintaining the temperature at 0 C. The adduct particles thus fom^ed were recove.e.. by filtering were 
washed 3 times at room temperature with 500 ml aliquots of anhydrous hexane and gradually heated bv 
mcreasing the temperature from 50 C to 100* C under nitrogen for a period of time sufficient to reduce the 
alcohol content from 3 moles to 1.5 moles per mole of MgCI,. The adduct had a surface area of 9 1 m% 
and B bulk density of 0.564 g/cc. ' . 

B) Solid Catalyst Component Preparation 

conlSnn'^Rs? '^.^ fr^'^f '''"''f''^^ ""''^^ ""^^S^" '"'^ ^ reaction vessel equipped with a stirrer and 
containing 625 ml of T.CU at 0 C under agitation. It was then heated to 100*0 in 1 hr. When the 
temperature reached 40 C. diisobutylphthalate was added in an amount such that the molar ratio of Mg to 
d^sobulylphihaate is B. The contents of the vessel were heated at 100*0 for 2 hours with agitation the 

01 TiCL was added to the solids in the vessel and the mixture heated at 120- 0 lor 1 hr. with aVitation tITs 
agiiaton was slopped and the solids were allowed to settle. The hot liquid was then removed by siphon 
The solids were washed 6 times at 60 C with 200 ml aliquots of anhydrous hexane. and then 3 limes at 
r«,m temperature. The solids, after being vacuum dried, had a porosity of 0.261 cc/g. a surface area of 
66.5 m=/g and a bulk density of 0.44 g/cc. 



so 



Examples 1-4 

the piymers "'"'"''^ thermoplastic olefin polymers of this invention and a rr.ethod for preparing 

.eriI*'y'^^!'"'°"'J'" polymerization and the polymerization njns were conducted under nitrogen in a 
to ?hf nl^ ? "'1^, ' transferring the product produced in the immediately preceding reactor 

to the next reactor. All temperatures, pressures and concentrations of olefin monomers and hydrogen, when 

L n ITT """" """^ ^^''^^een is analyzed continuously in gas pha e and 

led n oroeno n,a,n,a,n constant the desired concentraUon of hydrogen. 

In the following examples a mixture of TEAL activator and dicydohexyldimethoxysilane electron donor' 
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Properties 


Method 




Melt Row 


ASTM-D1238 




Index, g/IO 




5 


min. 






Ethylene, wt 
% 


Spectroscopy I.R. 




Intrinsic 


Determined in letrahvdronanhthalpnp pt t^^'p 




viscosity 




JO 


Xylene 


See description below. 




soiubles, wt . 






% 






Flexural 


ASTM-D 790 




modulus 




T5 


Notched 


ASTM-D256 




I20D Impact 






VICAT (1 Kg) 


ASTM-D 1525 




softening pL 






Tensile 




20 


Strength 






Elongation at 


ASTM-D 638 




break . 






Surface area 


B. E T. 




Porosity 


B. e.T. 


25 


Bulk density 


DIN-53194 




Fluidity 


The time that It takes 100 g ol polymer to flow through a funnel with an output 






opening of 1^7 cm and v/alls incfined at an angle of 20* with respect to ihe 






vertical. 


Granuiometry 

30 


ASTM-D 1921-63 



The physical tests are conducted on pelteUzed samples of this invention. >vhich were stabilized with 500 
ppm of calcium stearale. 500 ppm of paraffinic oil. 350 ppm of letraMs(2.4<n-t-butylphenyl) 4 4 . 
^ b.phenylylenediphosphonite. 500 ppm tetrakisImethylene(3.S-di-l-butyM-hydroxyhydrocinnamate)) methane 
and 250 ppm octadecyl S-S-di-t-birtyM-hydroxyhydrocinnamate. The samples were molded using a Neon & 
Bossi 90 injection press with a melt temperature of 190" C. a mold temperature of 60' C. an injection time 
20 seconds and a cooling time of 25 seconds. 

Tile percent by weight of components b) and c) is calculated by detennining the weight of the 
propytene and alpha-olenn (and diene or different alpha-otefin termonomer if used) mixture used in the 
second stage and comparing it to the weight of the final product 

The weight percent of component a) is determined by subtracting the weight perc.,n .-.-f component b) 
ano c) Irom 100. • 

Tf'e weight percent of component c) is determined by subtracting the weight fraction of component a) 

« Tir. "'V""""'" '^^'0'" P*''*"' °' component a) from the weight percent ol the f.nJ 
product soluble in xylerte. 

^nrtlf^ °' determined by subtracting the weight percent of component a) 

and of component c) from 100. ft 

The percent by weight of the alpha^lefin contained in the copolymer of component c) which is soluble 
m xylene ts calculated using the following formula: 

Cp - C^^ . 0 

Alpha-olefin wt. % in component c) - — 



where C, is the wi. % of alpha^lefin in the soluble of xylene in the final product Cw is the wt % alpha- 
oLIin in the soluble in xylene of corpponent a); O is the wt. % soluble in xylene of component a) multiplied 
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surface area: less than 100 mVg. preferably between 50 and 80 m'/g 
porosity: 025 - 0.4 cc/g ^ 

TrlJtt7 k""°"-' °' ^^'^ ' S^^ater man 100 angstrSms 

Hexsne and heptane are typical hydrocarbon compounds used to wash the sow r-h..!!, 

.osr=t~ ™ are 

and are a.M cctoalM. or ,-,8 carbon ary, radicals' an^R is a w car^n a.^ ra^c2 " 

ysilanrmethXTd^^^^^^^^ 

The AJ/Ti 7 """^'^''^'''B"*- oi'sopropyldimethoxysilane and phenyltrimethoxysilane. 

and S ^^"-^ between 2 a'nd ,00. preferably 5 

main^ninT^i.aT;i;in^~tn't^."^^ °' (prepo.ymer.a.ion, 

room temperaiurr c BO- C or a s^dlnrn ^ f«'>""^"^"9 at a temperature J' 

weigh, or the catalyst ' '° P'"'^"" " ''"^'"y °' P°'>""«^ '^o*" 0-5 to 3 times the 

c42c— ^^^^ 
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. - -t-^ ^ components an. me a,e« index o, 

modulus lower than 1000 MPs to 150 MPa oreferablv from i m 7m mo -T . ^' 

700 MPa: elongalion at break over 200% Z.il ^ ™ '^'^ preferably from SCO to 

=jdrar£~ 

" .he ?;orJrrndZ^ aTor.i.iretteHrfr"'^^:: r- '"^^^^ 

.a...n^ludln..e.^dS^^^^^^^^ 
J^rS^onTme^--^^^^^^^^ ^' ^^o':^::'^:^.^ 

. stages the relevant monomers are^eSed"^ ^^^ZZ^^Tu^r" '"'"^"^ 

^ TewZlTeZ'T " " ' '^"^^^^ ''9*"' »' -o'ec^'ar weight 

polymerization of' co^ S a^"" ^^.^^0 to'^^^^^^^^ ^Tm" 7 r.Sr 

^L^^braSt^cir;;^^^^ 

preferably from 5 to 30 at^lohJ^!f ■ P'^^*\P°'y'"«"«to" Tom atmospheric to 30 atmospheres. 
30 minutes to abom s ho^ ' ' P^'y-^i^-tion. Typical residence times are from aboui. 

« and hSa?e.'"' "'^^"'^ '"^'""^ -'^'^^^ ^^^'^^^"^ »"Ch as propane, butane. he«ne 

magn'LiumdTcSore^ aTaZSn electronOonor compound supported on activated 

Suitable titanium «mr.™f„H- , r . '=°'"P°""'' activator and 3) an electron^onor compound. 
-0 halogen^ihoSrofSr " ""^ - '^''^es -d 

. smaller man ^00 Jg. pre e^ ^.^een 50 a^d ^ T """^'-^ '^'^ ' "^"^ 

ray spectrum where me n,,^nL !, ^ ^' * P"™*"^ ^ 0.4 cc/g. and c) an X- 

*5 angles 2 ZZT^^z^Z Z^TT ""^ ^^^^^"^ °' ^ "^e . 

angle. ""^^"^^ « 2 0 of 14.95- . Th-, ,,mboI » = Bragg 

alcoS^^cl^^fiTo^n7h'.'T'".^ '""""^ ^^"^"^ °' ""^b"^'- ^^^-^^^e 

mole 0, MgCl eSSno me lu^^^ 2-;^thylhexanol. conta^u,9 Senerally 3 moles of alcohol per 
spherical ^nicies Si 7^)^,! T^I^JT^,^ "'"''^^ ^ "^""^ '^t* 

lure from 50" C to loT' ctr oe^oL^. r!^ S^*''"^''/ increasing the tempera- 

moles per mole of MoCl, ^! i T 3 ^ M-S 

concenLlon°i:dS 0 ?aT4?50?™ ^^^^^ ' then suspended T.OU a, O'C. such mat me 
135- C lor a period of aboJ 1-2 S Wh.„ 1^ ' """^'^ " ^^^'^ '° ^ temperature of BO* C to 
so that me molar ^^0^ ,o ete^n donl T^L"' '° • 

hot TiCI. is separated by fittrlToTtedirV • !" 

times. The solid is then wVS .Ta s j^i Sh7 ""J""""'"' """^ "^""^^ ''^ "'"'^ 
The soHd catai„.t sui.able inert hydrocarbon compound and dried. 

soGd catalyst component typically has the following characteristics: 
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b) from about i up to less than 15 parts of s semi-crystalline. lo« density, essentially finear coDnlvm^ 

i ; alpha<.lenns are used. M,i?h polymer S 

insoluble m xylene at room temperature: and . ^^'^"^^ « 

5 cjfrom about 10 to less than 39 parts of an amorphous copolymer fraction of an alpha-olefin havino the 
above formula and propylene, with or without 1 to 10% of a diene or i to 20% of a diS alpha Jle^J 

alpha-olefin. excluding the alpha-olefin present. If any. as a termonomer. and is soluble in^lennuoom 
temperature, having a fiexural modulus lower than 1000 I^Pa to 150 MPa. tensile st,T -1^ Ser k!^ 7 

break over 200%. wherein the total of components a), b) and c) is 1 00 parts e'ongat,on at 

nni«,L'!r J"r'"'°" 'T^ ^'""^^^ ' ""^^^ ^^""^"9 thermoplastic olefin polymers by seauentlal 
po ymenralion in at least two stages in a reactor or two or more reactors, one or morVoV^ch may be "^s 
pha e reactor using certain catalysts supported on an activated magnesium dichloride. ° 
'5 Unless otherwise indicated, all parts and percentages set forth herein are by weight 
Component a) is prelerably present in an amount from 65 to about 75 parts 
set fortX?!"' 'I " ' copolymer of propylene and at least one' alpha-olefin having the formula 

0 tooLmer^"^^ '"^i " P'^P^'^"^'*'*^^-"*- Propyiene/butene-l and propylene/4-methyl-pentene- 
i different alpha-olefins. such as propylene/ethylen^utenr ' 

20 propytene/bulene.l/4-methylpentene-1 and propylene/ethylene/4-methylpentene 1 

^,JV ^"^^^^"^ propylene copolymer of component a) (i) preferably contains Irom 90 to 98 wl % 
propylene, most preferably from 95 to 98 wt. % propylene -98 wt. A ■ 

beinrgre'aJS T^"'' °' ""^"^"^ ^' ^-^'^ « -th the most' preferred 

presInr'"'antmLTr""l''f ^ " ' """'^""^ " ' «'Ph-olefin is 

inTiudJl I IT ' ^""^'^ "polymers useful as component a) fin 

mPE oT^ L^^rV- ' ethylene/4-methy,-l.pentene. The copoly,J^r I L 2 

g/cm'or greate? " ^^'^^^'^ ^"^'^^ ^^^^'^^ copolymer is 0^4 

propSltie^eS^ri teUUer'^"^^""^"'^'"^ P-^^'-'^'-- -Po'x- or 

K r.ZTrL^"'^^"' ^'^ a homopolymer of propylene It 

IS preferably present .n an amount Irom 30 to 70 parts, most preferably 40 to 60 patu^ P'opylene. It 

abou?"';JTs?lhanTTtir^r,r " '""^ ' '° '^^^ '^^^ P^'^^^^^'y '^p- 

caSimeti ^'^ " '^ crysialHnity is about 20 to about 60% b;. ....Terenfial scanning 

abou^SOrSl T""'"' ^° *° '^^^ ^'^^ P^'-^'V 

<o aboJTsf'ln'^ in °' """P""""* P^^'^^="»' P'"^"' ^ amount from about 40 to 

) Ta 1 "r raZ'rS " ""T'S"' '^P'""^ ^^^'^^ ^5%. When compone 

abou, srabouTlO ;j%JP''"°'^'" *'"P'°V«> « « tem,onomer is preferably present in an amount from 

ladiJnf S "^ll"' " P^«P^«on component c) are l.4-hexad;ene, 1.5+e«Kliene. dicyciooen- 

monomerTcSlvir rtH?',"" "^^^"^ ethylene/propylene copolymer, ethylene/propylene/diene 
^^aJoH IT 0' .«hylene/propylene*ulene-i terpolymer. Suitable alpha-olefins useful in the pret^ 
b n .r^mer" .rrr^ °' me tnermoplasnc oler-n polymers of .his invention include tthyJrn^ 
Th. , : * '"s"iy'Pe''«ene-l , hexene-1 and oclene-1 . Ethylene and butene-1 are referred 
c .pZt lTZ'T'''''''' ^y^'' ' •''Sh bulK density and is S "he f^^ of ,r^,o^„g 

SSor-^r^ 'h^ Sf^""'^""" 9^"*"9 "P' ^eP^'^ed before the polymer can be 

g/cc. ine bulk density (compacted) .s greater than 0.4 g/cc. preferably greater than 0.4 lo about 0.6 

.0 30. prLrably'l tS enJasS by weight " " ' ''"^ '° 

The molecular weight of the various components (determined by measuring intrinsic viscosity in' 
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THERMOPLASTIC OLEFIN POLYMER AND METHOD OF PREPARING SAME 

This Invenlion relates to thermoplastic olefin polymers having elastic properties and to . „,^r,n , 
prepanng same. More particularly mis invention rebtes to menSoplaslic oleC"™ ' Ln 

riVlSr : r~"^ ^-'^ - ^--^^-^ ethylene-propylene cSS™;;^:" 

Dolvlrii,-'''''^®"'^^" ^"^'^^ P^^P^'^^O" 0' PO'yolenn themioplastic elastomers by a N/o-staoe 
s^rcaSr '.ereospecifc catalysts composed of an organoaluminum c^iTJT. 

homoLSf , °" ' '"^9""'""' «"PP«rt is taughL-ln the first stage 5-50 % of I 

Hnr^=rt.H . prepared by adding ethylene monomer whi.- reacts with tho 

■5 ^bS pSSt L^^^^^^ r =° '° P^^^-"' agglomerauon of the .^^^Z^^r 

^nH^T "^''"5- ™* "^^^ '° °P«^'e me second stage at relatively low temDeratu^, 

u s Vicf «r '"'^"^ ^'"'"'''^^ "talyst mileage. '^-^^""^^ 
in the firi s aoe th'fnmn 'iJ'^-'"' P^'^P^P^'^"^ thermoplastic elastomers in stages 

emyi,! zZZ Zt^.l'^'T'"' '° ' Homopolymer. polypropylene. In the second stage 

0 temoJa Je! o?fiO r ! , "'^ polymerized in the presence of a solvent preferably a 

I hXeSSi^^ne n:2ery cS^^^^^^ T'""""' "^'^^ P»'"'-PV'-e and 

in .L ; copolymer. The polymenzations conditions employed in the second staoe learic 

or aoo loreil" "L" '"'""^ '"''"^ ^'''^^ '-''^ resunam^d So lump 

TypS"Sr;d^'h 'l "' broken up to pro^de a homogenius pTJTct 

.21 h.11 !• T °" ' ^ "^^^^ is kno^ that when over 20% based on 

. ont, rr " '""'^^y ethylene/propylene copolymer is produced during m; !^^^ 

SmeSo Tef ,a«t " " '"'"f ^ '° ^""^ °' Panicles elen'^rthe 

0^2965; aTu.f 4^9 4?,) of. stereospedfic catalysts (see. e.g.. European application 

like.S'Sa2?oroi'^'' ^ 9^ P^'^*' ^'^o'-nts of 20% or-more 

o::rrdrctC".-~^^ 

one gas phase S Zt^TZ ^ ,k . 7' '^'"^"'^ °' '""""""B- ''"'"^^ble. at least 

this type Of polymer " '"«'^^"'=9«^«»ciated with the present methods of producing 

ai^^r^K P'"^'"*" ^ thermoplastic olefin polymer comprising 

Ta ooSvmer ^ "! °' ^ ^^^^'^'""^ POlymer.fracfion selected from '„.e group consisUng 

0 J, ^ L I, " alpha-Dlefm having the fom,ula H,C=CHR where rVs H 

an eihvieL '5 f"' * POlybutene-1 having an isotactidty index of greater than 75 (iii) 

sn^rirhSg^'drs^^ ^^T; r^^^' °' ^'^^-^ '^''^ ' 

combination with, or mixtures t^JL LJ.- r. "^^^ ^'^""^^ <^ <'"J 

thermoplastic olefin polymer of a hoi- • "'""'"s"'"' "^th. from 10 to 90 parts, based on the 

polymer, of a homopolymer of propylene having an isotaclicity index of greater than ■ 
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© Disclosed is a thermoplastic olefin polymer having elastic properties comprising 

a) greater than 60 to 85 parts of a crystaJIine polymer fraction selected from the group consisting' of li) a 
copolymer of propylene and at least one alpha-olef.n, (If) a pblybutene-l On) an ethylene homopolymer or 
emyiene/alpha-olerin copolymer, (iv) polymer fraction (I). Hi) or (ni) In combination with, or mixtures thereof 
alone or .n combination w\ih, from 10 to 90 parts, based on the Ihemiopiastic olefin polymer of a 
homopolymer of propylene; 

b) from aboul 1 up to less than 15 parts of a semi-crystaliine. low density, essentially linear copolymer 
fracLon consisting subs-^ntialiy of units of the alpha-olefin used to prepare c) or the alpha-olef.n used to 
prepare c) present in the greatest amount when two alphaolefins are used; and 

c) from about 10 to less thar. 39 parts of an amorphous copolymer fraction of an alpha-olefin and propylene 
wnn or without a diene or a different alphaK>ier.n termonomer. 
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